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ABSTRACT 

Computtir slinulations can h& usod qb a mm^ns for hringiiig 
theory into practict^, through an "action" toxm. h rationLale 
is given for tlU3 use of such a sirnul^tlon. *rhe design io 
discuss^.-d, jncludirrr, (i) ^ n ....r e t i c a X background, (2) tihe 

coTiceptualii:ation of the Simula :ion, and (3) the program. 
Also discusssd is the use and ev^aluation of tha prog^'ain. 
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Educaticnai thsory can bo maue more concrt^te for tcr\cher education 
interns thrcugh tjie v^se of technoloa/* Classroom simulations can be 
construe ted so that interns "instruct'* simulated pupils. Such siiriulations 
can aynthesiEe thegry arid field resr?arch, thus bringing both theory and 
Yosearch into an "action" form for th^ intern. Interactive eontputer 
aystsfns allow for active involvement through adaptive orogrants and can 
givti immediate feedback to the intern-. 

Thera are four basic components in a simulation game: (1) an 
atstraction of an onviroMent ^ this is the. modfl, perhaps consisting of 
a BYBt^m of iTOdels, (2) a series of rules fot how the model behaves, or 
Bezels interact - this is the simulation, (3) the freedom for the parti- 
cipant to interact with the simulation to develop strategies - this is the 
game, and (4) "reality*^ feedback - tiiis is what maJces it come "alive.'' 
hn eKasiple of such a game la the subject of this pfipex. The abstraction 
of the environinant is the activities that one does to teach s class; the 
r^ulee for how che model behaves consists of how the Bequencing of these 
activitiea interact; the intern manipijlatas the sequaricing of these aetiv- 
it£es to gain insights into desired outcomes; and feedback cotnes in the 
form of the behavior of simulated pupils, In this case, a problem-solving 
egproat:^h was used to teach teac:hers how to use problaKi- solving approaches. 

Purpose 

Hie purpose ot this study was to design a model for cQnatructing such 
slmuiatlcina and to test the feasibility of using such a program with interns. 
Feasibility vras dafined as the ability to design, develop , and utilize such 
a prograin that wouid yield eftective results with interns. 
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Clasajpoom similations were? developed tor the PLATO (Pfogranmied Logic 
ror Automatic Teaching Oportitiun) system at tha University of Illinois at 
U^baiia-Chajnpaign. where inethods BtudontSr henceforth referred to as "interns 
"taught" simulated classes. 

Rationale 

For Bomm time there has beea cojisiderable concern for more effective 
niaane to condiict teacher education programs. Many programs consist of 
th#oi?etical courses and axpe^riences of working with yaungsters. Too often 
^^le intarn fails to see the relatiorkahip between theory and practice, 
Theory often is not iiranediately followed with concrete eKamples actively 
involving the interii* EKpe^imentation with live children can be very 
diffieuxt for the totally iiieKperianced intern, 33 well as hazardous for 
the ^hild and the intarn. Interns often become eaaily discouraged, 

Simiilation activities a-re seen mB a way of bringing relevance betwaen 
th^ry and praGtica, A significant simulation, it is felt* forces the 
intern to majiipulate tha mod^i to find the effects of various conditions, 
hlmo the parttcipant should "l^ve v?ith" the situation that he has created, 
th^t im, e)cperi^nce and cope vith the consequences of his choices and 
deQigions* ^hia technique allows interns the luxury of maJcing professional 
et:i:o£B without the ©ften harsh real-life consequences* 

In reviewing the litarature# it has been found that simulation in 
teaah^r education im used In the following wayss video-tapes, role-playing 
as pe^r gffoup teaching, and uses of the computer* Video-tapes are pas^ 
give and linear and do not allow for active interaction. Peer group 
teaching allows for inteMction but the variables are very difficult to 
contirolt Intaractive cotnputer simulatlone allow tor interaction, as well 
as control of variables so that the intern can learn desired insights and skills. 
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Design 

The design for ^uch a prograir: used a systems approach i using a model 
that articulated TOdels for^ Henderson's moves and stratogieSf an approach 
to problein solving, various questioning behaviors ^ lesson planning^ and a 
simplified learning theory. 

Theoretical Background 

The design followed the logical approach to teaching, advocated by 
Smith (1962), (1969) and Hendernon (1963), (1967) in which a game theory 
an&logy is used by e%ainining the ideas of one mve at a time, from one 
niove to the next, ©nd a sequence of moves, i.e., a strategy. Moves, e,g,, 
instance, assertion, justification ware analyEed for types of content 
taught, e*g., conoepta (meanings of terms) ^ principles (generalizations), 
and skills* Teaching strategies, i*e*, sequences of moves, wer^ also 
analysed. For eKample, in c^der to teach a given principle one might give 
instance, instance, instance, assertion of principle, justification, A 
concept might be taught by a strategy such asi example, example, non*- 
example, definition, ejcample^ non'-eHample, 

The approach to problem solving used in tnis study followed the idea 
ct: Ask a difficult to answer question^ ask a focus question, e*g., "How 
aQms one start to solve such a problem?" or "Look for a simpler related 
problem^** eventually coming to examining simple instances of the original 
problem. Students can be taught this procedure^ as ax^plified by Wills (19fo7) 

A synthesis of research on questioning was employed. For example, 
interns were encouraged to go beyond first raiponses of a simulated student 
by redirecting or proHlrig^ 

The following ideas of lesson planning were written into the program: 
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objeetlve of the lessorif motivation^ subtask analysis , procedure and/or 
efcriitegyi and evaluation. 

As the intern "taught'" the simulated claae, the simulated studenti 
were t© eventually aehiev© the objective. The nianber of instances needed 
for Eitudents to gain insight into a generalization was studied by Sowdar 
(1970), He found that it required from 3 to 8 instances to disaover the 
particular principle studied. He also found that brighter students 
learned faster* 

Cpngap tiial i nation 

The following 0Oncaptuali^atlon was made* The intern was to "teaeh" 
a specif lo prinoiple. Firsts he was to deelare a speoifie objeetive to 
b€ TOinnieted with a simulated olasMi i«e* # he was to declare whether he 
wanted the simulated students toi (1) Know the principla* (2) Apply the 
principle^ or (3) Develop problem-selving atrategies* He then proceeded 
to exert a logical move, by "asserting" a statement or "asking'* a question^ 
If ne "asked" n question, ha then interacted wxth simulated students. 
Options for various questioning behaviors were to be given, e.g«^ ask a 
question first or call on a student firsts wait-time (the an^unt of tiine 
from when a question was asked until a student is called upon) * and distri-^ 
but ion of questions among class members. The intern then proceeded to the 
next nvova, and so on until he felt he had completed his objective [mme 
Figure 1) * included also were to be options for deductive versus inductive 
and more motivational versus less mtivatlonal strategies # as well as the 
facility to "teach" needed stjbordlnate information* 
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Figure 1. PaFAdign for Cl&9ttvom Dlaeeurse. 
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The above conceptual izat ion gave the fontiat tor the program* h 
specific principle was SGlected^ i.e*. The suin of the first n odd 
positive integers is n^* in order to "teach" the principle, a list of 
questions and atataments was given to the intern. He could choose any 
question or Btateraent at any time* He was to sequence euch questions or 
statemants in a form that was compatvble with his declared objective, 

lior were the simulated students prograraied to perforin? Perfomances 
were deterntined by performance-level (PL) numbers aisigned to the etudents. 
Bie numbers ranged from 0 to 20, students with higher performance-level 
numbers were prograiraned to "perform" better in the sense that they 
"remeirisered" subordinate information (i*e., information needed to teach 
the lesson at hand - in this case they needeci ♦'o kno^ what an odd positive 
integer ie) better and "learn" the principle with fewer instances* 
aiatilated students with PL's higher than 15 were programied to "remember" 
ai^rdinate information; others were not^ For example , if one were to 
ask "What is the sum of the first J odd positive integers?", the student 
must "understand" the concept of an odd positive integer. If this concept 
had not been taught, then siimlated students with PL's Xess than 15 would 
ask, "What is an odd po.sitive integer?" Hence, the intern was to realige 
that he needed to teach this concept. 

How were the simulated students prograiraned to "learn" the principle? 
TQ program the students to "aatah on" to the principle, results of Sowder's 
study were incorporated, simulated students, with PL's larger than 15 were 
progrananed to "catch on" after three correct instances j students with 
S PL ^ 15^ "caught on" with an inverse proportional nun^er of instances , 
m,g*i PL - 12 rs^ired 4 correct instances, PL = 8 required 6 correct 
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instances I students with PL*s below 5 did not "catch on" but did under- 
stand the principle after "hearing" the assertion of the principle^ 
followed by a couple of correct instances, 

HOW was the intern to learn from the program? Feedback was given to 
the intern in several forms . Throughout the program the intern was given 
feedback in the forin of **reality" by simulated student responses^ e*g^# 
responqea indicative of rhether students were "learning" the principle, 
A response indicating a need for subordinacy information to be taught was 
described above, A res^nse indicating that the intern has selected a 
less motivational strategy would occur about cwo-^thirds of the way through 
the lesson, and would be in the form of "Why are we uoing tnis?" At the 
end of the lesson ^ the intern was given additional feedback m two forms* 
On© form was by anothejf "reality" feedback of simulated students • perform 
mance on a mini-^test relating the selected objective and teaching strategies 
eK^loyad* e.g^ if the intern indioated that he was trying to teach for 
problem-solving abilities but used a deductive strategy* the results on the 
simulated test were very poor, toother form for feedback was ^ reflective 
analysis of the use of questioning behaviors* Interns were encouraged, 
through feedback, to go beyond first responses by redirecting and probing. 

The use of counters, storage of data, and branching decisions made 
the above simulation possible* 



The feasibility of a computers-assisted instruction component not only 
dspanded upon the ability to design and develop a program, but also upon 
being able to use the progrui in such a way l^at affective results occurradr 

Thm final portion of this study was aonducted with a class in "Introduction 



UtiliEation of the Program 
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to the Teaching of Secondary Mathematics*' taught in the spring of 1973 • 



Tht^ procoduro for using the^ coniputar program with this class, where each 

day nQiinifit nc3 of two conBucutJvc tifty^minute periods # was as follows s 

Day #1 " Proparation tor the Use of the Program 

Interns had been given an assignmant ahead of time to 
outline a SHquenco of questions to teach youngsters the 
principle: The sum of the first n odd positive integers 
XB n * 

Discussion took place concerning an orientation to the 
computer program and concerning Henderson's troves and 
strategies* 

Handouts were given listing and explaining Henderson's 
moves and gtrategieE (see Appendix h) and the computer 
prograiTi . 

Interns were then told to keep the outiine of questions 
that they had prepared and use them at the machine during 
the next class meeting* 

Day #2 - Introduction to the Program 

Interna ware taken to a room in which there wSia PI^TO 
computer terminals. The interns were giveii an Qrientation 
to the program* Q^hey ware carefully directed through 
parta of the program that the researcher had found to give 
participants difficulty* 

The Intarns then used their outlines to "teach" the 
simulated class. Afterwards they were asked to eKperiL.ent 
with other ways of teaching the same principle. 

Total time at the terminals this time was two hours. 

Day #3 ^ Discussion of the Program and Introduction to Questioning 

The interns returned to the class to discuss problems 
that they had encountered in using the program. Discus* 
slon was also given concerning the design of a questioning 
strateOT and various types of questioning behaviors* The 
discussion was approached In a probleai^solving manner by 
the fesearchar to exemplify to the interna as to how 
one might use such questJoninc technique&, 

Intarns were given handouts concerning Principles of 
Questioning and Polya's Approach to Problem Solving* 
Students were given an assignment (see Appendlsc B) 
that they were to work on at the machine. 
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Day #4 - Use of the Program 

Ti^a Interns spent two hours at the machine trying 
Various questioning strategies and behaviors* 

Day #1) - Us^ of the Program 

Again interns Bpent two hours at the machine trying 
various questioning strategies and behaviors* 

I^^ay #6 - Discussion ©f Questioning 

The interns returned to the class to discusR the ideas 
and/or problems that they had encountered, Also addi'*- 
tional discussion was held eonoerning types of ques-* 
tioning behavior and their assigninent. 

Day #7 ^ Filial Evaluation 

Interna again raturned to the machine for two nore 
hours - 

The researcher was in charge of all seven days of Inatruction- She 
felt that there should be a mixture of talking about desired behaviors and 
working at the machine, i*a., interrelating theory and concrete examples 
of the theory, and hence followed this principle during the seven days, 

Svaluation of the Program and the Unit 

Twanty^f ive interns were involved in the escperimental class for which 
measures were taken prior and after the use of the simulation for approKi- 
mately seven hours , and with intervening class discussions, Twenty-foiir 
out of 25 exhibitad a j^sitive attitude towards the over-all uniti 23 out 
of 25 increased their behavior of going beyond first rf^sponsesi 19 out of 
25 increased their msdeling rf the prescribed problem^solving strategy. 
Twanty-two felt that the individual components of the unit, e,g*, the 
hand-outa, the clase discussion, and the use of the program enhanced the 
learning of the other components. Twenty-two out of 25 indicated that 
they enjoyed the eKperimenti oiia student Indicated that she did not parti- 
cularly enjoy it, she did feel that it was worthwhile. 
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Hany of th^ in^irns f git that tie program hiijed thtm to ie^araci 

thiftH ino^i e-^re#ull^ about reviewing iulordiriatf taifoMiatian md git^ing^ 
mD^ivmiCTi Ov^^^li the tntemi ^e^ea to be getting what wa^ isiteradii- 

•*It fl^d^ Ri^ reall^i tAa iwjojftoica off svibtMJc^. It e«i Si ^et^ 
dia^itif^ui to ^gsuiie a clm^s kti^ws o^rt^ia de^lnitl^n^ uid £rlr^^ 
elp^is* Of^e ttUit roaJc^ aur^ eta* i^deMtand ^hat is 

^TMtly dnt^^^s-Eingf aa^ aduQaciomi * Ra#ll^ g^t ma axalt^d ^boist 
woricing wi^h real 'victims * ' 

^It Mdm think aba^t th% ^ypm proplesii 3 would run In^fcQ 
whiim tr^ln0 to tea^ch ^hmt ^a^td me # sdmpla prisici.pl#J* 

''It vas na^t to g^t tAt ladl^idual i^is^leziaa of beJ^ng' or) my 
t^m und pi^nlrtg itrattgyi tot gwoh yra underat^nalnf 

^raftify^ and ati." 

•*I fciouQht it was ^er^ vrerthv^hlli and if^luable - and ^Ica w 
^njc^^abJls ^xpti^itrical Mth ^go^ut^r aa^sl^ns ana. alapi dlsoui^ 
miort^B hmm giv^n ^ a gr^ttar Wil€h& liito th^ rale of t^i 
teea^Siir an^ ^hst vrill hm tsqpp^tad sie^" 

ikurting iny^ sttadin^i * leaTOirif pro^apii tecmui© they weJri not 
raaL 

'•llo -anvDiant of tealjcing^ r#adii%<ff obairva'tion eo'uld Mva giv^n. 
ime tmach instght in*o planriing; taa^thg st3^ategy# rMCting 
ft tud^nt ri^jon^ii ^ etc •* 



O^nelu^io* 



Bmh a ^omp^te3r*asSiatta inBtW^ti^n coBiponint d<^€i In^e^d aippear *o 
fci fia.aib3ip Pa^ a gloftal view of a poeitfcl^ futiu^i ©f aucli woric la e 
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MOVES mo STRA^GIES 



k wovm can bm thought of am an ut^exaAce QBfi b% uiad to cnhanee 

iMraLng. It can bm giving er aikirig foy a plac^ ©f inforastlaft or 
reacting te a given pieca of inf oration. Fox- wangle consider the 
folloifing axamples of movtsi 

A, Concajpt attainsient^ 

1. Dafinltian 

2p Ejc^pllfiaation 

3. Mcnesc^^lificatloti 

4. diajraetaristic 

5. CcuntaraKan^le 

Frinclpla dtvalopsiant^ 

1* Aaetrtlon 

2. Instance 

3. Justification 

4. Application 

b. ciaxlflcation# amplificaticn 

6* Ccuntarexastple 

C« RaactlDiis to student i^mmponBm 

J, Accapt 

3. Re j act 

4. Recilrect«-asj£ far anothtr itudeftt's opinion to a student answei' 

5. Froi©— ask for ampllf iMtien, claflficatlon# infoEMtion, m^ri^ 

dcnosi or juitiflcatloii 

II # From on^ iiove to the next wove 

Once oris nio've has been made^ Cfii must cqn§l4ar vhe^a frpm there. 
Consider the following i 

A. student response Invel^ed 

Qq tc next move-^sane kinds of ohoieas as Itx p^evloas list eiecept* 
of caursa, it wcyld make no sMae to talk about a response to a 
student response as a nut legloal wvm^ 



^'^Wiis is a condansad variloii of ii^rke t^y IProfMgor 2C. B, Henderson « 
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B. Studeftt reftpensB is carpet 



1, hppxovm 

2, Ae«ept 

4* Probe 

S* G© fee next pimam of InfoEmttlw 
itudant respoRsa is Inwirract 
Rejaot 

4p l^K ^tsfcioii of an^ch^r student 

S, Saak \3p to an easier question ff©r mmm stMdsiit/ rephrase f 

D< ^tudsnt quastlan ask^d 

2. ^Iva the queatiQn teQH to tiie olasa 

Ignore or rsjact 
HI, Styi^ttsy^ 

A afcratew aan bo fchought of aa a aaquanoa of TOvap, c»:5isldejr the 
following mnmmpm o£ stiea^t^gi^si 

A. Coneepc attalnsiint 

J,, EicaHSpIifioatlon, TOtiaxwipllfi^atiQn, definition » eK^pliflcation, 

A BBt Qt m^mpL^B ot the cono^pt is givaii- A BQt. of none^wples 
of thm GOnoBp^ tm given # TOe deflziitl©n ia giv€ii* Mfeerwhlch 
niDj^t ^xas^lts and nonexaoiplas fivan» 

H^aspllfiaationf dhvactB3ri^atioxi# txwplifleatlon 

h 0Bt of exaeiplaa the concept Ip givtii* A i€t of charaotaif- 
isfeica of thm Qoncmpt le fiv^n* More esiMplea are given* 

3^ Daflnltloni ascuiplltioa^icn 

A difinitioii is fivan fallo^^d by a sat of ^Kaiapita, 

p^inclpla davaloj^nt 

1, Aagertion of tha pvlnolpl*^ inatanoaSf jiastlfioation 

Tha priAolpla is asserted « A Pit of instan^a miraa of the 
parineipla is givan* A flat of Ju^tlflGatlan moves is given. 



^hi* i» a oendanstd varaion of mKkm by Professor B. Handera 



2. InstaiietSf assertion of the principle i instanges 

A set ef Instance TOvee is givan or ^dMCtd. pyirteipl© 
is asgprted or eduead froBi the etudentr^p More instances 
of the principle is given or educed. 

3. Instanets, aisertlon of the prinoipler jUBtlfieation 

A set of inatanca inoves ie given or educed. The p^in^iple 
is asserted ar edueed, Ttm principle is justified, 

4. Asseartion of the prineiple, elarificatloiij. JustifieatiDn 

The priiiolpli is asserted f allowed by cl^ifiaatlon to^ss^ 
followed by justifieation moves, 

5. Motivation I instanoes^ assertion of tte prlnalple, appltcation 

A inDttyation Mva eould be variety of t^ea af TOVe0i a.g*, mn 
application* a diffioult or intriguing proftiTOi, After the 
probl^ has been poied one oould fallow it i^ith inat^noes 
of the ^inolpie, assert o!f educe the prinoipler follov^ up 
with application sioves. 

IV. Typmm of strategies 

A« Deductive strata^ 

Agsertlon aove comes early in the s«tuence and is usually given 
by the teacher. Ihe assertion mpve is usually followed by combi- 
nations of aKmplification and/or instance mveif olarifloation# 
justification, etc# 

B« Inductive strategy 

Assertion nove coMs late in the sequence if at all« tJiuaily one 
triei to educe studCTts to give this inove and/or leaves the as.ter- 
tion at the nonverbal awareness level. 



17 



QO^S^IONING STEftTEGIlS BXIRCISES 



Xn each of the followring exercises tmkm an outliiie of a eequance of 
fluastiOM^ whieh are to acOTB^lish the atatad goal. Co to Pl^TOr teaeh 
the siOTlattd class in lesson "strategy." Att^i^leh do tha dlsauseion 
q^iiastlons* 

I, Ob j actives and stratagies 

A, Outline a sequence ot quastions (or gtatament^) which will be 
ummd to achieve each of the fallowing objectivei (one at a tlma; * 

1^ Given an n, the student can find the sum off the first n ©4d 
positive integers. 

2. "thm student ean appl^ thm g^neraliEation to a pMblam. 

3, The student is to d^elop pTObl«i''S©lvlng strategies. 

Conipare and aontirast the saqusnQas that you us^ in eaoh of the 
above cases. 

IX* Subtasks and strategies 

Outline a sequenoe ©f guastiena Cor statTOents) vi^hloh illustrata 
the following i 

1^ Gagna' suggests that subtmski should be ^Mefully analysed 
and taught (or reviewed) first before teaching the task. 
Illustrate this in your saquenca. 

2i. Bruner suggests that one should not speaifieally teach the 
subtasks first # but ratter let th^ come up as they occur. 
Illustrate this in your sequence* 

B. Compare and contrast the sequenoes that you used in each of 
thiss cases. 

11%. Hotivstlon and strategies 

A* Outline a sequence of questions (or statements) which illustrate 
the following I 

1^ h motivation is given early in the se^ence. 

2* Ho TOtivation Is given. 

B. O^n^are and TOntrast the sequinces that you Msm in each of 
thase cases. 



^Ifi esGh case the topic is to bes The mm of thi first n odd poiitive 
Integirs. See question choices. 
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